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FOREWORD

The tests described herein were conducted under NASA

Apollo Contract NAS 9-150, during the period from April 25
to May 1, 1962.

This report was prepared by D. G. Cummings of the
Wind Tunnel ProJjects Group, Los Angeles Division.

=D WG« N\ /%

E. C. Allen - Supervisor éﬁ}{ Van Camp - Supepfisor
Wind Tunnel Test, S.I.D. Wind Tunnel Projeqgfs, L.A.D.
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ABSTRACT

This report contains results of force tests of 0.105-
scale Apollo model FS-2. The tests were conducted in the
North American Aviation 7 x 7 foot Trisonic Wind Tunnel at
nominal Mach numbers of 0.7, 0.9, 1.2, 1.5, 2.0 and 3.5.

Presented in this report are body-axis and stability-
axis force data for all valid runs. A description of the
configurations tested and a key to reading the tabulated
data are included.

This report presents basic wind tunnel test data only
in order to make the test results available at the earliest

possible date. Analyses and summary of results will be
reported later under separate cover.
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I. INTRODUCTION

Transonic and supersonic wind tunnel tests of the
0.105 scale Apollo force model FS-2 were conducted to
investigate the static stability characteristics, at high
Reynolds number, of the launch escape system. The launch
escape system was tested over an angle of attack range of
-10° to +51°, at nominal Mach numbers of .75 .9, 1.2, 1.5,
2.0 and 3.5.

Pretest information was given in Reference (a).

‘ ] DONMNNLAL-.
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II. REMARKS

Five configurations were tested in Trisonlic wind
tunnel consisting of command module and escape tower
assembly with variations in the escape motor configurations.
The base configuration (without a stability disc) was tested
at M = 1.5 only and was identical to the configuration tested
at Ames (Reference c¢). The four other configurations were
obtained by adding various discs to the base of the escape
motor skirt as shown on pages 7 and 8. These configurations
were tested from M = .7 to 2.0.

Because poor valve control was experienced on the
initial runs of this test, it was necessary to rerun the
data obtained M = .9 and 1.2. However, the M = 1.2 data
at angles of attack between 10° and 30° remained erratic
in spite of good valve control. This effect probably occurs
because the blockage created at these angles of attack in
the low supersonic Mach number range does not allow a cor-
rect wake to form behind the model.

A summary of completed runs and configurations tested
is contained in Appendix "A".
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III. MODEL DESCRIPTION

A. General

The FS-2 model was a 0.105 scale representation of
the Apollo vehlcle. Two basic command modules, identical
except for the angle between the module axis of symmetry
and the center line of the balance, were used to cover
the required angle range. These modules were constructed
to accept the escape tower configuration and various
detachable escape motor configurations shown on pages 6,
7 and 8 of this report.

Structural analysis of the basic model is contained
in Reference (b), and detailed model drawings are
included in Reference (a).
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III. MODEL DESCRIPTION - continued —coNTIDTNNY

B. Nomenclature Sketchps - continued
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MODEL DESCRIPTION - contlnued
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IV. TEST PROCEDURE

Test Nomenclature

Mo = Test sectlon free stream Mach number

Po = Test section free stream static pressure, PSFA

Ho = Test section total pressure, PSFA

TTo = Test section free stream total temperature, °R

Q = Test section free stream dynamic pressure, PSF

RN = Test sectlon Reynolds Number x 10-6

ca = Axial force coefficlent

CN = Normal force coefflcient

CNB = Yawing moment coefficient (body axis)

CLB = Rolling moment coefficient (body axis)

XCPN = Location of the normal force center of pressure
divided by the command module diameter, measured
from the command module apex, positive forward.

XCPY = Location of the side force center of pressure
divided by the command module dlameter, measured
from the command module apex, position forward.

PBC = Balance chamber pressure coefficient, (PBC-Po)/Q

CMA = Pitching moment coefficient about command
module apex

CD = Drag coefficlent

CL = Lift coefficlent

CMS = Pltching moment coefficient about the C.G.

SID-62-627
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Test

CONFIDENTIAL

IV. TEST PROCEDURE - contlnued

Nomenclature - cor.tinued

CLS
CNS

Nng.‘%og

5]

N1

N2

Side force coefficlent

Rolling moment coefficient (stability axis)
Yawing moment coefficilent (stability axis)
Lift to Drag ratio

Angle between balance £ and model £, deg.
Angle of yaw, deg.

Angle of attack, deg.

Distance along model § from command module
to C.G., inches, negative when a.t of apex

Perpendicular distance from model £ to C.G.,
inches, positive when below model center line

Distance along balance £ from C.G. to N1 gage,
inches, positive when forward of C.G.

Distance along balance f§ from C.G. to N2 gage,
inches, positive when forward of C.G.

Distance along balance £ from C.G. to Y1 gage,
inches, positive when forward of C.G.

Distance along balance § from C.G. to Y2 gage,
inches, positive when forward of C.G.

Perpendicular distance from balance § to C.G.,
inches, positive when above C.G.

Forward normal force, lbs.

Aft normal force, lbs.

T

-10-
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IV. TEST PROCEDURE - continued

Test Nomenclature - continued

Y1 = Forward side force, 1bs.

Y2 = Aft side force, 1lbs.

C = Chord force, 1lbs.

D = Command module maximum dilameter, inches
Sn = Command module maximum cross-sectional

area, ft2

Model Installation

The FS-2 model was installed on the 7121-01082
sting. H~998 fixed sting support, on the H-822-3
sector head. The sector was located such that the
center of rotation was at tunnel station 3735 when
testing transonically.

Upon completion of the transonic test, the sector
was repositioned for supersonic testing with the center
of rotation at tunnel station 3563.

The baslc angle range of the sting support system
1s -10° to +31° using the launch escape system con-
figuration.

CONFIDENTIAL
-11-
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IV. TEST PROCEDURE - continued

Instrumentation

Six component force data were measured by the
revised 2-3/4" Task MK IA internal balance. The
output of each element of the balance was recorded on
the TWT data system. ALWAC program AO33 was used to
reduce the data from the data master tape on the TWT
ALWAC III-E digital computer.

Balance chamber pressure was measured by the
pressure instrumentation existing in the balance,
wilth a Statham differential pressure transducer, type
PM * 5-700 (5 PSID), referenced to the pre-selected
pressure of the Rl reference system. Thls pressure
was measured and noted to indicate the presence of sting
interference should it occur. No corrections based on
balance chamber pressure were applled to the data.

Black and white schlieren photographs were taken
-during the supersonic portions of this test.

-13-
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IV. TEST PROCEDURE - continued

Data Reduction Constants

Force and moment coefficlents were computed based
on the following geometric constants.

S = 1.4261 frt2

D = 16.170 in.

% = -5.102 in. (Launch escape system) nominal
value

z 0.711 in. (Launch escape system)

Moment Transfer Dimenslons

The moment transfer dlistances in inches are
tabulated with their respective balance cavity angle
for launch escape system configurations. The dimen-
sions are graphically presented on the followlng page.

Launch escape system

o e a d f g X*

0° .T7115 .9560 - 9.0440 .1430 -8.2310 -5.069
20° .1120 -.0879 -10.0879 =-.9009 -9.2749 -4.877

#*These values of X were used in the calculation of
Xcp instead of the nominal value of -5.102. They were
obtained from actual measurements of the location of

the command apex using the heat shield surface as a
reference.

~14-~
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TABULATED DATA FORMAT

The key to reading the tabulated data is as follows:

1. The first two lines at the top of each page
contain the following identification.

TWT 74 = Trisonic Wind Tunnel Test No. T4
Blow xx = The blow number
Config. T9ExxC2 = Conflguration tested

2. First Page -~ Tunnel conditions

BN = Block number, identifles block of data
computed.

Alpha = Angle of attack, deg.

Yaw = Angle of yaw, deg.

Mach = Test section Mach number

RN = Reynold's number x 10-6 (based on command
module diameter, 16.170 inches)

Ho = Test section total pressure, psfa

Po = Test section static pressure, psfa

Q = Test section dynamic pressure, psf

To = Test section total temperature, °R

Dec = Number of decimal places to the left

of the last digit.
3. Second Page - Body axis data and Balance Chamber

Pressure
BN = Block number, ldentifies block of data
computed
Alpha = Angle of attack, deg.
Yaw = Angle of yaw, deg.
LR
-18-
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CA
CN
CNB
CLB
-XCPN

-XCPY

PBC
CMA

Third

BN

Alpha
Yaw
CD
CL
CMS

SO~

TABULATED DATA FORMAT - continued

= Axlal force coefficient

= Normal force coefficient

Yawing moment coefficient
= Rolling moment coefficient

Location of the normal force center of
pressure divided by the command module
dlameter, negative sign denotes that
column is multiplied by -1.

Location of the side force center of
pressure divided by the command module
diameter, negative sign denotes that
column is multiplied by -1.

= Balance chamber pressure coefficient

= Pltching moment coefficient about the
command module apex

= Number of decimal places to the left
of the last digit

Page - Stability axls data and Lift to
Drag ratio

= Block number, identifies block of data
computed

= Angle of attack, deg.
= Angle of yaw, deg.

= Drag coefficient

= Lift coefficient

= Pitching moment coefficient, stability
axis

~SONM
-19-
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TABULATED DATA FORMAT -~ continued

cY Side force coefficient

CNS Yawing moment coefficient, stability axis

CLS = Rolling moment coefficient, stabillity axils

S

Lift to Drag ratio

¥
]

Number of decimal places to the left of
the last digit

~20-
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= m

DATA REDUCTION EQUATIONS

The data reduction program was written to provide
aerodynamic force and moment data in the body and stability
axes system.

General slx component force data was measured by the
revised 2-3/4" Task Mk IA internal balance. Data reduction

equations for obtaining force and moment data are presented
in Reference (a).
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

RO ST

FULL SCALE DIMENSIONS AND NOMENCLATURE

Model factor - 0.105

Command Module, C2 (Dwg. No. 7121-01077)

Maximum diameter, in. 154.0
Radius of spherical blunt end, 1in. 184.0
Corner radius, 1in. T.7
Nose cone semi-angle, deg. 33.0
Nose cone vertex radius, in. 9.15
Tower Structure, T9 (Dwg. No. 7121-01079)

Total length, in. 114.51
Number of longitudinal members L
Diameter of longitudinal members, 1in. 3.57
Diameter of cross braces, in. 2.38
Distance between attachment points at

command module, in. 46,752
Distance between attachment points at

escape motor, in. 29.905

Escape Motor, E12 (Dwg. No. 7121-01080)

Escape rocket motor having included in the
fwd. section two Jjettison motor nozzle at
30° to escape motor f and flush with escape
motor outer ML. half angle of nozzle of 15°
Total length 226.91
Length of forward Jjettison motor, 1in. 48.00
Diameter escape motor, 1in. 26.00
Diameter escape motor hose, 1n. 52.00
Skirt flare angle, deg. 30.0
Nose radius, in. 5.2
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“SowvmniTe-

FULL SCALE DIMENSIONS AND NOMENCLATURE - continued

Escape Motor, E23 (Dwg. No. 7121-01051)

Escape rocket motor-total length, including

fwd. Jettison motor, in. 254.88
Length of forward Jettison motor, in. 48.00
Diameter escape motor, in. 26.00
Diameter of escape rocket hose, in. 51.85
Skirt flare angle, deg. 34.0
Nose radius, in. 2.0

Circular disc attached to escape rocket

hose, thickness of disc, in. 2.5
Diameter of disec, in. 65.0
Ring fwd. of flare skirt, in. 28.95

Escape Motor, E25 (Dwg. No. 7121-01051)
(Same as E23 except)
Dlameter of disc, in. 91.0
Ring fwd. of flare skirt, in. 29.85
Escape Motor, E29 (Dwg. No. 7121-01051)
(Same as E25 except)
Height of clipped position of disc, in. 19.5
Escape Motor, E32 (Dwg. No. 7121-01051)
(Same as E25 except)
Eccentric circular disc attached to escape
rocket base, distance from center of disc
to center line of rocket motor, in. 10.4

~GQNSSENTLAL
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w

—LONMDINNiNS

INDEX OF FIGURES

Description Figures

A. Configuration Photographs

1 3/4 Front View Showing Launch Escape
Escape System (E12T9C2) 1

2 3/4 Rear View Showing Launch Escape
System (E12T9C2) 2

3 3/4 Front View Showing Launch Escape
System (E23T9C2) 3

4 Closeup of the 65.0 inch Circular
Disc, Aft View (E23T9C2) 4

5 3/4 Front View Showing Launch Escape
System (E25T9C2) 5

6 Closeup of the 91.0 inch Circular

Disc, Aft View (E25T9C2) 6
7 3/4 Front View Showing Launch Escape
System (E29T9C2) 7
8 Closeup of the Clipped Disc, Aft
View (E29T9C2) 8
9 3/4 Front View Showing Launch Escape
System (E32T9C2) 9
10 Closeup of the Eccentric Circular
Disc, Aft View (E32T9C2) 10
184
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

INDEX OF FIGURES - continued

Description Flgures

B. Launch Escape System Characteristics
CD) CL, Cmc.g., CA, CN, CmA, ch/D VSCX,

1. Configuration: (E12T9C2)
M=1.5 lla-~g
2. Configuration: (E23T9C2)

M= 0.7 1l2a-g
M= 0.9 13a-g
M=1.2 lia-g
M=1.5 l5a-g
M=2.0 l6a-g
M= 3.5 1l7a-g
3. Configuration: (E25T9C2)
M= 0.7 18a-g
M= 0.9 19a-g
M=1.2 20a-g
M=1.5 2la-g
M=2.,0 22a-g

4. Configuration: (E29T9C2)

o]
~

23a-g
2la-g
25a-~-g
26a-g
27a-g

2R
munwnn
DHHEO

oW MO~

* o

onRTTITIIE
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INDEX OF FIGURES - contlnued

Description Figures

B. Launch Escape System Characteristics - cont.
CD, CL, Cmc.g., CA, CN, CmA, Xep/D vs oo

5. Configuration: (E32T9C2)

M= 0.7 28a-g
M=20.9 29a-g
M=1.2 30a-g
M=1.5 3la-g
M= 2.0 32a-~-g
C. Schlieren Photographs

Launch Escape System Configurations

1. M=2.0
E25T9C2 33
E29T9C2 34
E32T9C2 35

2. M= 3,5
E23T9C2 36

wperniia
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Fig. /

3/4 FRONT VIEW SHOWING LAUNCH ESCAPE SYSTEM
(E12 T9 C2)

Fig. 2

TWT 74 -5

3/4 REAR VIEW SHOWING LAUNCH ESCAPE SYSTEM
(E12 T9 C2)
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~CONFIDENTIAL
Fig. 3
3/ﬂ FRONT VIEW SHOWING LAUNCH ESCAPE SYSTEM
(E23 TO 02)
Fig. 4

4-23-62

CLOSEUP OF THE 65.0 INCH CIRCULAR DISC, AFT VIEW
(E23 T9 C2)
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rGONFIDENTIAL

Fig. &

3/4 FRONT VIEW SHOWING LAUNCH ESCAPE SYSTEM
(E25 T9 C2)

Fig. ¢

CLOSEUP OF THE 91.0 INCH CIRCULAR DISC, AFT VIEW
(E25 T9 C2)
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@

Fig. 7
4-24-62 TWT 74-14
3/4 FRONT VIEW SHOWING LAUNCH ESCAPE
SYSTEM
(E29 T9 C2)

Fig. 8

CLOSEUP OF THE CLIPPED DISC, AFT VIEW

(E29 T9 C2)
LONIICINGAY /90 SID 62 627
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SQNITENNAL

Fig.9
3/4 FRONT VIEW SHOWING LAUNCH ESCAPE SYSTEM
(E32 T9 C2)
&
Fig.s/o0
b
|
|
: CLOSEUP OF THE ECCENTRIC CIRCULAR DISC,
AFT VIEW
. (E32 T9 C2)
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